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(54) EXPOSURE APPARATUS AND DEVICE PRODUCING METHOD 



(57) An exposure apparatus for forming a predeter- 
mined pattern on a substrate by using exposure light, 
Includes a stage apparatus which is movable with respect 
to an optical axis of the exposure light; a light-transmis- 
sive member provided at the stage apparatus, wherein 
a liquid is supplied on an upper surface of the light-trans- 
missfve member, and a measurement device which is 



settable below the light-transmissive member when 
measurement using the measurement device is per- 
formed. Leakage orentrance of a liquid used for exposure 
into an optical measurement device such as a wavefront 
abenBtlon measurement device can be prevented, there- 
by enabling preferable optk:al acOustment such as imag- 
ing performance or optical characteristics. 
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Description 

TECHNICAL FIELD 

[0001] The present invention is a technology that re- 
lates to an exposure apparatus for exposing a substrate 
via a projection optical system and a liquid, and a device 
fabrication method using such an exposure apparatus. 

BACKGROUND ART 

[0002] A conventional lithography process f orfabricat- 
ing a senniconductor device, a liquid crystal display de- 
vice, or the like, uses an exposure apparatus for trans- 
ferring a pattern (which may be called a "reticle pattern", 
hereinbelow) fomied on a mask or a reticle (generally 
called a "mask", hereinbelow) via a projection optical sys- 
tem onto a substrate such as a wafer or a glass plate 
whfch is coated with a resist or the like. Generally, a still 
exposure type exposure apparatus (i.e., a stepper) or a 
scanning type exposure apparatus (a so-called scanning 
stepper) is generally used. 

[0003] In such an exposure apparatus. It is necessary 
to reliably project a pattern formed on the reticle to the 
substrate with high resolution. Therefore, a method for 
adjusting the projection optical system has been pro- 
posed, in which aberrations remaining in the projection 
optical system are measured by using, for example, a 
wavef ront aberration measurement technique disclosed 
in Reference Document 1 (Japanese Published Unex- 
amined Patent Application No. 2002-202221), so as to 
obtain desired imaging performance and optical charac- 
teristics. 

[0004] There has been a demand in recent years for 
projection optical systems having higher resolution in or- 
der to handle the much higher levels of integration of 
device patterns. The shorter the exposure wavelength 
used and the larger the numerteal aperture of the projec- 
tion optcal system, the higher the resolution of the pro- 
jection optical system. Consequently, the exposure 
wavelength used in exposure apparatuses has short- 
ened year by year, and the numerical aperture of projec- 
tion optical systems has increased. Furthermore, the 
mainstream exposure wavelength is currently the 248 
nm assigned to KrF excimer laser, but an even shorter 
wavelength of 193 nm assigned to ArF excimer laser is 
also being commercialized. In addition, as with resolu- 
tion, the depth of focus (DOF) is important when perform- 
ing exposure. The following equations express the res- 
olution R and the depth of focus respectively. 



R = krX/NA (1) 



S-lkrX/NA^ (2) 

[0005] Therein, X is the exposure wavelength, NA is 
the numerical aperture of the projection optical system, 
and k^ and kg are process coefficients. Equations (1) and 
10 (2) teach that if the exposure wavelength "k is shortened 
and the numerical aperture NA Is Increased in order to 
enhance the resolution R, then the depth of focus 5 de- 
creases. 

[0006] If the depth of focus 6 becomes excessively n ar- 
ts row, then it will become difficult to make the relevant sur- 
face of the substrate coincide with the image plane of the 
projection optical system, and there will be a risk of In- 
sufficient margin during the exposure operation. Accord- 
ingly, a liquid immersion method has been proposed, as 
20 disclosed, for example, in Reference Document 2 (the 
booklet of PCT International Publication No. 
WO99/49504), as a method to substantially shorten the 
exposure wavelength and increase the depth of focus. 
In this liquid immersion method, a gap between the lower 
25 surface of the projection optical system and the surface 
of the substrate is filled with a liquid, such as water or an 
organrc solvent, thus forming a liquid immersion area and 
taking advantage of the fact that the wavelength of the 
exposure light in a liquid is 1/n that of in air (where n is 
30 the refractive index of the liquid, normally about 1 .2 to 
1.6), thereby Improving the resolution as well as increas- 
ing the depth of focus by approximately n times. 
[0007] As far as is permitted by the relevant national 
law or regulations, the disclosures of the Reference Doc- 
35 uments are each hereby incorporated by reference. 
[0008] A wavefront aben^tion measurement method 
applied to a projection optical system of a liquid immer- 
sion exposure apparatus should be performed via a liquid 
provided between the projection optical system and a 
40 wavefront aben'ation measurement device. If the liquid 
for exposure leaks and enters inside the wavefront ab- 
erration measurement device, the liquid may cause prot>- 
lems such as a failure of the measurement device or leak- 
age of electricity. In such a case, aberrations may not be 
45 con'ectly measured, and the projection optical system 
may not be controlled, so that exposure operation cannot 
be preferably perf omned. 

DISCLOSURE OF INVENTION 

so 

[0009] The present invention was made considering 
the circumstances discussed above, and it Is therefore 
an object of the present invention to provide an exposure 
apparatus for preventing leakage or entrance of a liquid 
55 used for exposure into an optical measurement device 
such as a wavefront aberration measurement device, 
and preferably performing optical adjustment relating to 
Imaging performance or optical characteristics, and also 
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to provide a device fabrication method using the above 
exposure apparatus. 

[0010] In order to achieve the above object, the present 
invention provides the following structures, which corre- 
spond to Figs. 1 to 7 in embodiments explained later. 
[0011] The present invention provides an exposure ap- 
paratus (EX) in which a gap between a projection optical 
system (PL) and a substrate (P) which is held by a stage 
apparatus (PST) is filled with a liquid (1). and a pattern 
Image is projected via the projection optical system (PL) 
and the liquid (1 ) onto the substrate, so as to expose the 
substrate, wherein the stage apparatus (PST) has: 

a setting portion (71) for setting a measurement de- 
vice (70) which is detachably attachable to the stage 
apparatus (PST); and 

a light-transmlssive member (72) which is arranged 
on an optical path of measurement light of the meas- 
urement device (70) when the measurement device 
(70) Is set at the setting portion (71). 

[001 2] In accordance with the present Invention which 
provides the light-transmissive member (72), the liquid 
(1) is held on an upper surface of the light-transmissive 
member (72); thus, the liquid (1) does not flow outside 
the light-transmissive member (72). Therefore, it is pos- 
sible to prevent the liquid (1) from leaking into or entering 
the measurement device (70)» thereby preferably per- 
forming adjustment relating to optical characteristics. 
[O013] The present invention also provides an expo- 
sure apparatus (EX) for forming a predetermined pattem 
on a substrate by using exposure light, comprising: 

a stage apparatus (PST) which is movable with re- 
spect to an optical axis of the exposure light; 
a light-transmissive member (72) provided at the 
stage apparatus, wherein a liquid is supplied on an 
upper surface of the llght-transmlsslve member; and 
a measurement device (70) which is settable below 
the light-transmissive member when measurement 
using the measurement device is performed. 

[0014] The present invention also provides a device 
fabrication method for fabricating a device using any ex- 
posure apparatus (EX) as explained above. In accord- 
ance with the present invention which provides the light- 
transmissive member (72), failure of the measurement 
device (70) and erroneous measurement due to the liquid 
(1 ) being applied to the measurement device (70) can be 
prevented, thereby enabling accurate optical measure- 
ment and adjustment Therefore, the device can be fab- 
ricated in a preferable environment with respect to the 
exposure apparatus. 

[0015] In accordance with the present invention, influ- 
ence on peripheral devices or members, or exposure, 
due to leakage or entrance of the liquid used for the ex- 
posure, can be suppressed or reduced; thus, it is possible 
to accurately perfomn an exposure process and to fabri- 



cate a device having a desired perfonnance. 
BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0016] 

Fig. 1 is a schematic block diagram that depicts an 
exposure apparatus as a first embodiment in accord- 
ance with the present invention. 
10 Fig. 2 Is a perspective view showing the substrate 
stage. 

Fig. 3 is a schematic structural view showing a vicin- 
ity of the head of the projection optfcal system, the 
liquid supply mechanism, and the liquid recovery 

15 mechanism. 

Fig. 4 is a plan view showing the substrate holder. 
Fig. 5 is a side sectional view along line A- A of Fig. 4. 
Fig. 6 is a diagram explaining a method of measuring 
wavefront aberration using a wavefront aberration 

2o measurement apparatus. 

Fig. 7 is a flow chart diagram that depicts one exam- 
ple of a process for manufacturing a semiconductor 
device. 

25 BEST MODE FOR CARRYING OUTTHE INVENTION 

[0017] The following explains the embodiments of an 
exposure apparatus according to the present invention, 
referring to the drawings. Fig. 1 is a schematic block di- 

30 agram that depicts a first embodiment of the exposure 
apparatus according to the present Invention. 
[0018] In Fig. 1 , an exposure apparatus EX has a mask 
stage MST for supporting a mask M, a substrate stage 
PST for supporting a substrate P, an illumination optrcal 

35 system IL that illuminates the mask M supported by the 
mask stage MST with exposure light EL, a projection op- 
tical system PL that projects a pattem image of the mask 
M, which is illuminated by the exposure light EL, onto the 
substrate P supported by the substrate stage PST, so as 

^ to expose the substrate P, and a control apparatus CONT 
that perfomns supervisory control of the operation of the 
entire exposure apparatus EX. The mask stage MST and 
the projection optical system PL are supported by main 
columns 3, and each main column 3 is provided on a 

45 base plate 4 which Is horizontally disposed on a floor 
surface. The main column 3 has an upper step portion 
3A and a lower step portion 3B which protrude inward. 
[0019] The exposure apparatus EX of the present em- 
bodiment is a liquid immersion exposure apparatus em- 

50 ploying a liquid immersion method so as to substantially 
shorten the wavelength for exposure and to substantially 
increase the depth of focus. Therefore, the exposure ap- 
paratus EX has a liquid supply mechanism 10 for sup- 
plying a liquid 1 ontothe substrate P, and a liquid recovery 

55 mechanism 20 for collecting the liquid 1 on the substrate 
P. The exposure apparatus EX forms a liquid immersion 
area AR2 on a part of the substrate P by using the liquid 
1 (supplied by the liquid supply mechanism 10) at least 
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while the pattern image of the mask M is transferred onto 
the substrate P, wherein the above part of the substrate 
P includes a projection area AR1 of the projection optical 
system PL. Specifically, the exposure apparatus EX fills 
a gap between an optical element 2 provided at a head 
(i.e., an end) of the projection optical system PL and a 
surface of the substrate P with the liquid 1 . and exposes 
the substrate P by projecting the pattern image of the 
mask M onto the substrate P via the projection optical 
system PL and the liquid 1 between the projection optical 
system PL and the substrate P. 

[0020] The present embodiment explains, as an ex- 
ample, a case of using a scanning type exposure appa- 
ratus (a so-called scanning stepper) as the exposure ap- 
paratus EX to expose the substrate P with the pattern 
formed In the mask M. while synchronously moving the 
substrate P and the mask M in mutually different orien- 
tations (reverse directions) in their respective scanning 
directions. In addition, in the explanation below, the di- 
rection that coincides with the optical axis AX of the pro- 
jection optical system PL is the Z axial direction, the 
(scanning) direction in which the mask M and the sub- 
strate P synchronously move within the plane perpendic- 
ular to the Z axial direction is the X axial direction, and 
the direction perpendicular to the Z axial direction and 
the X axial direction (i.e., non-scanning direction) is the 
Y axial direction. Furthemore. the rotating (or inclination) 
directions around the X, Y and Z axes are the OX, BY and 
eZ directions, respectively. The above "substrate" in- 
cludes a semiconductor wafer coated with a photoresist 
(i.e., a sensitive material), and the above "mask" Includes 
a reticle on which a device pattern to be reduction-pro- 
jected onto the su titrate is fonned. 
[0021] The illumination optical system IL is supported 
by a support column 5 fastened to upper portions of the 
main columns 3. The illumination optical system IL illu- 
minates the mask M, which Is supported by the mask 
stage MST, with the exposure light EL and has an expo- 
sure light source; an optical integrator that uniformizes 
the intensity or illuminance of the luminous flux emrtted 
from the exposure light source; a condenser lens that 
condenses the exposure light EL from the optical inte- 
grator; a relay lens system; and a variable field stop that 
sets an illumination region on the mask M Illuminated by 
the exposure light EL to be slit-shaped; and the like. Fur- 
ther, the illumination optical system IL illuminates a pre- 
detemiined illumination region on the mask M with the 
exposure light EL, which has a unifomn luminous flux in- 
tensity distribution. Examples of light that can be used 
as the exposure light EL emitted from the illumination 
optical system IL Include: deep ultraviolet light (DUV light) 
such as KrF excimer laser light (248 nm wavelength), 
bright lines (g, h, and i lines) in the ultraviolet region emit- 
ted from, for example, a mercury lamp, and vacuum ul- 
traviolet light (VUV light) such as ArF excimer laser light 
(193 nm wavelength) and Fg laser light (157 nm wave- 
length). ArF excimer laser light is used in the present 
embodiment. 



[0022] I n the present embodiment, pure water is used 
as the liquid 1 . Pure water can transmit not only ArF ex- 
cimer laser light, but also the deep ultraviolet light (DUV 
light) such as KrF excimer laser light (248 nm wave- 
5 length), and the bright lines (g line, h line, and i line) in 
the ultraviolet region emitted from, for example, a mer- 
cury lamp. 

[0023] The mask stage MST for supporting the mask 
M has an opening 34A at the center of the stage, where 

10 the pattern image of the mask M passes through the 
opening 34A. A mask surface plate 31 is supported via 
a vibration isolation unit 6 by the upper step portions 3A 
of the main columns 3. The mask surface plate 31 also 
has an opening 34B at the center thereof, through which 

^5 the pattern image of the mask M passes. A plurality of 
gas bearings 32 (here, air bearings), which are contact- 
less bearings, are provided on a lower surface of the 
mask stage MST. The mask stage MST is supported In 
a contactless manner on an upper surface 31 A (i.e., a 

20 guide surface) of the mask surface plate 31 by the air 
bearings 32, so that the mask stage MST can two-dimen- 
slonally move and also finely rotate In the GZ direction by 
a mask stage driving mechanism such as a linear motor, 
In a plane perpendicular to the optical axis AX of the 

25 projection optica! system PL, that is, in the XY plane. A 
movable mirror 35 is provided on the mask stage MST. 
In addition, a laser interferometer 36 is provided at a po- 
sition opposing the movable mirror 35. 
[0024] Furthermore, the laser interferometer36 meas- 

30 ures in real time the position in the two-dimensional di- 
rections and the rotational angle In the eZ direction (the 
rotation angle in the GX or BY direction may also be meas- 
ured) of the mask M on the mask stage MST, and outputs 
these measurement results to the control apparatus 

35 CO NT. Furthemnore, the control apparatus COIMT drives 
the mask stage driving mechanism based on the meas- 
urement results of the laser interferometer 36, and there- 
by positions the mask M, whteh is supported by the mask 
stage MST. 

40 [0025] The projection optical system PL projects the 
pattern of the mask M onto the substrate P at a prescribed 
projection magnification p so as to expose the substrate 
P, and has a plurality of lens elements (i.e., optical ele- 
ments) that includes the optical element 2 (i.e., a lens) 

45 provided at a head part on the substrate P side; in addi- 
tion, these optical elements are supported by a lens barrel 
PK. 

[0026] In the present embodiment, the projection op- 
tical system PL is a reduction system that has a projection 

50 magnification p of, for example, 1/4 or 1/5. Furthermore, 
the projection optical system PL may be an equal mag- 
nification system or an enlargement system. A flange por- 
tion FLG is fonned at an outer periphery of the lens ban'el 
PK. In addition, a lens barrel surface plate 8 is supported 

55 via a vibration isolation unit 7 by the lower step portions 
36 of the main columns 3. The flange portion FLG of the 
projectk}n optical system PL is fit to the lens barrel surface 
plate B, so that the projection optical system PL is sup- 
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ported by the lens barrel surface plate 8. Therefore, when 
an IHumlnation area of the mask M is Illuminated by ex- 
posure light EL, as described above, a reduced image 
of the pattern fonned on the mask M, that Is, a partially- 
inverted image reduced with a projection magnification 
p, Is projected and transferred onto a slit-form exposure 
area on the substrate P which is coated with a resist (i.e., 
a sensitive material). 

[0027] Among the plurality of lens elements of the pro- 
jection optical system PL, specific lens elements (e.g., 
five predetemiined lens elements) can respectively and 
independently move. Such movement of each lens ele- 
ment is performed by a driving device (e.g., three piezo- 
electric elements provided for the relevant lens element) 
which supports a lens supporting member supportingthe 
relevant lens element and is coupled with the lens barrel 
PK. That is, the specific tens elements can be respec- 
tively and Independently parallel-moved along the optical 
axis AX in accordance with displacement of each driving 
device, or each specific lens element can be inclined by 
a desired degree with respect to a plane perpendicular 
to the optical axis AX. 

[0028] Driving signals supplied to the driving devices 
are controlled by an imaging characteristic correction 
controller PA, based on commands supplied by the con- 
trol apparatus CONT, thereby controlling displacement 
of each driving device. In the projection optical system 
PL having the above structure, optical characteristics 
such as distortion, curving of an image surface, astigma- 
tism, coma, or spherical aberration can be adjusted by 
movement control of the lens elements by the control 
apparatus CONT via the imaging characteristic correc- 
tion controller PA. 

[0029] An alignment microscope AS is provided on a 
side of the projection optical system PL. As the alignment 
microscope AS, an off-axis microscope having an imag- 
ing alignment sensor Is used, by which a street line or a 
marie (i.e.. a fine alignment marie) for position detection, 
formed on the substrate P, is obsen/ed. A detailed struc- 
ture of the alignment microscope AS is disclosed in Jap- 
anese Published Unexamined Patent Application No. 
H09-219354. Results of observation using the alignment 
microscope AS are supplied to the control apparatus 
CONT. 

[0030] In addition, the optical element 2 provided at 
the head of the projection optical system PL is detachably 
(replaceably) provided to the lens ban'el PK, and the liq- 
uid 1 of the immersion area AR2 contacts the optical el- 
ement 2. The optical element 2 is made of calcium fluor- 
ite. Because calcium fluorite has a strong affinity for wa- 
ter, the liquid 1 can adhere to substantially the entire sur- 
face of a liquid contact surface 2a of the optical element 
2. Namely, because the liquid (water) 1 supplied has a 
strong affinity to the liquid contact surface 2a of the optical 
element 2, the liquid contact surface 2a of the optical 
element 2 and the liquid 1 have strong adhesion charac- 
teristics, and therefore the optical path between the op- 
tical element 2 and the substrate P can be reliably filled 
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with the liquid 1 in the present embodiment. Furthemnore. 
the optical element 2 may be made of silica glass, which 
also has a strong affinity to water. In addition, the liquid 
contact surface 2a of the optical element 2 may be given 
5 hydrophilic (lyophilic) treatment in order to further raise 
its affinity to the liquid 1 . 

[0031] A plate member 2P is provided so as to sur- 
round the optical element 2. The plate member 2P has 
a flat surface (I.e., a lower surface) which faces the sub- 

10 strata P. The optical element 2 also has a lower flat sur- 
face 2a (I.e., the liquid contact surface), and the lower 
surfaces of the plate member 2P and the optical element 
2 are almost coplanar. so that a wide liquid immersion 
area AR2 can be preferably formed. In addition, the lower 

IS surface of the plate member 2 P may be subjected to sur- 
face treatment (i.e., lyophilic treatment), similarty to that 
for the optical element 2. 

[0032] A substrate holder PH for holding the substrate 
P is moveably provided at the substrate stage PST: On 

20 a lower surface of the substrate holder PH, a plurafity of 
gas bearings 42 (here, air bearings), which are contact- 
less bearings, are provided. The substrate holder PH has 
a recessed portion HB, in which the substrate P is held 
in an attracted manner. On the base plate 4, a substrate 

25 suri'ace plate 41 issupported via a vibration isolation unit 
9. Each air bearing 42 has a jetting port 42B for jetting a 
gas (i.e., air) toward an upper surface 41 A (I.e., a guide 
surface) of the substrate surface plate 41. and intake 
ports 42A for attracting a gas between a lower surface 

30 (i.e., a bearing surface) of the substrate stage PST and 
the guide surface 41 A. In accordance with balance be- 
tween repulsion due to airjetting from the jetting port 42B 
and attraction using the intake ports 42A, a specific gap 
is secured between the lower surface of the substrate 

35 stage PST and the guide surface 41 A. That is. the sub- 
strate stage PST is supported by the air bearings 42 in 
a contactless manner on the upper surface 41 A (i.e., the 
guide surface) of the substrate surface plate 41 (i.e., a 
base member), and can two-dimensionally move and 

w finely rotate in the ez direction by a substrate stage driv- 
ing mechanism such as a linear motor, in a plane per- 
pendicular to the optical axis AX of the projection optical 
system PL, that is, in the XY plane. In addition, the sub- 
strate holder PK can also move in the Z-axIs. eX, and 6Y 

45 directions. The substrate stage driving mechanism is 
controlled by the control apparatus CONT. That is, the 
substrate holder PH controls the focal position (i.e., the 
position in the Z direction) and the inclination angle of 
the substrate P, so as to match the target surface of the 

so substrate P to an imaging plane of the projection optical 
system PL by using autofocuslng and auto-leveling meth- 
ods, and also positions the substrate P In the X and Y 
directions. 

[0033] A movable mim>r 45 is provided on the sut>- 
55 strate stage PST (i.e., on the substrate holder PH). In 
addition, a laser interferometer 46 is provided at a posi- 
tion opposing the movable mirror 45. Furthermore, the 
laserinterferometer46 measures in realtime the position 
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in the two-dimensional directions and the rotational angle 
of the substrate P on the substrate stage PST, and out- 
puts these measurement results to the control apparatus 
CONT. Furthermore, the control apparatus CONT drives 
the substrate stage driving mechanism, which includes 
a linear motor, based on the measurement results of the 
laser interferometer 46» and thereby positions the sub- 
strate P. which is supported by the substrate stage PST. 
[0034] At a part of the peripheral edge of the substrate 
stage PST (i.e., of the substrate holder PH), a bracket 
71 (i.e., a setting portion) for detachably attaching a 
wavefront aberration measurement apparatus 70 (i.e., a 
measurement device) for measuring optical characteris- 
tics of the projection optical system PL (details explained 
later), and a cover 72 (I.e., a light-transmissive material) 
for protecting the wavefront aberration measurement ap- 
paratus 70 from the liquid 1 and simultaneously trans- 
mitting measurement light of the wavefront aberration 
measurement apparatus 70 are provided. 
[0035] Rg. 2 is a schematic perspective view showing 
the substrate stage PST and the substrate stage driving 
mechanism for driving the substrate stage PST. In Fig. 
2, the substrate stage PST is supported by an X guide 
stage 44 in a manner such that the substrate stage PST 
can freely move in the X direction. The substrate stage 
PST is guided by the X guide stage 44 and can also move 
by a specif ic stroke in the X direction by an X linear motor 
47. The X linear motor 47 has a stator 47A provided at 
the X guide stage 44 in a manner such that the stator 
47A extends in the X direction, and a movable portion 
47B which is provided corresponding to the stator 47A 
and is fastened to the substrate stage PST. The substrate 
stage PST moves in the X direction when the movable 
portion 47B moves with respect to the stator 47A. The 
substrate stage PST is supported in a contactless man- 
ner by a magnetic guide which has a magnet for securing 
a specific gap between the substrate stage PST and the 
X guide stage 44 in the Z direction and an actuator. The 
substrate stage PST moves in the X direction while being 
supported in the contactless mannerbythe X guide stage 
44. 

[0036] A pair of Y linear motors 48 for moving the X 
guide stage 44 together with the substrate stage PST 
along the Y axis are provided at both ends of the X guide 
stage 44 along the length thereof. Each of the Y linear 
motors 48 has a movable portion 4BB provided on an 
end of the X guide stage 44 along the length thereof, and 
a stator 48A provided corresponding to the movable por- 
tion 48B. 

[0037] The X guide stage 44 moves together with the 
substrate stage PST in the Y direction when the movable 
portions 48 B move with respect to the stators 48 A. The 
X guide stage 44 can also rotationally move in the ez 
direction by controlling driving of each Y linear motor 48. 
Therefore, in accordance with the Y Rnear motors 48. the 
substrate stage PST can move in the Y direction and the 
ez direction, almost integrally with the X guide stage 44. 
[0038] Guide portions 49, each having an L-shape in 



plan view, are respectively provided at both ends of the 
substrate surface plate 41 along the X axis, so as to guide 
the movement of the X guide stage 44 along the Y axis. 
The guide portions 49 are supported on the base plate 

5 4. In the present embodiment, the stator 38A is disposed 
on aflat portion 49B of each guide portion 49. In addition, 
guided members 50, each having a recessed shape, are 
respectively provided at both ends of a lower surface of 
the X guide stage 44 along the length thereof. Each guide 

10 portion 49 is engaged with each corresponding guided 
portion 50, where an upper surface 49A (i.e., a guide 
surface) of the guide portion 49 faces an inner surface 
of the guided portion 50. On the guide surface 49A of 
each guide portion 49, a gas bearing 51 (here, an air 

15 bearing), which is a contactless bearing, is provided so 
that the X guide stage 44 is supported on the guide sur- 
faces 49A In a contactless manner. 
[0039] In addition, a gas bearing 52 (here, an air bear- 
ing), which is a contactless bearing, is provided between 

20 the stator 48A of each Y linear motor 48 and the flat por- 
tion 49B of each guide portion 49, so that the stator 48A 
is supported on the flat portion 49B of the guide portion 
49 in a contactless manner. Therefore, due to a theorem 
of consen/atlon of momentum, the stators 48 A move in 

25 the -Y (or +Y) direction in accordance with movement of 
the X guide stage 44 and the substrate stage PST in the 
+Y (or -Y) direction. This movement of the stators 48A 
cancels the reaction accompanied with the movement of 
the X guide stage 44 and the substrate stage PST, and 

30 thereby preventing displacement of the position of the 
center of gravity. That is, the stators 48A function as a 
so-called counter mass. 

[0040] The substrate stage PST having the above-de- 
scribed structure can move not only in the scanning di- 
ss rection (i.e., the Y direction), but also in a direction per- 
pendicular to the scanning direction (I.e., in the X direc- 
tion), so as to position each of a plurality of shot areas 
on the substrate P to an exposure area which is conjugate 
with the above-mentioned illumination region, in accord- 
40 ance with a driving signal from the control apparatus 
CONT, an ope ration for scanning and exposing each shot 
area on the sul>strate P, and an operation of moving the 
substrate toward an exposure start position for the next 
shot are repeated (i.e., a step and scan operation). The re- 
45 fore, the substrate stage PST can two-dimension ally 
move and rotate in the eZ direction. 
[0041] Fig. 3 is an enlarged view showing the liquid 
supply mechanism 1 0, the liquid recovery mechanism 
20, and a vicinity of the head of the projection optical 
50 system PL. The liquid supply mechanism 1 0 supplies the 
liquid 1 to a gap (orspace) between the projection optical 
system PL and the substrate P, and has a liquid supply 
part 1 1 which can supply the liquid 1 , and a supply nozzle 
14, connected via a supply pipe 15 to the liquid supply 
55 part 11 , for supplying the liquid 1 (provided from the liquid 
supply part 11) onto the substrate P. The supply nozzle 
14 is arranged in the vicinity of the relevant surface of 
the substrate P. The liquid supply part 11 has a tank 
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containing the liquid 1, a booster pump, or the like, and 
supplies the liquid 1 viathe supply pipe 15 andthe supply 
nozzle 14 onto the substrate P. The liquid supply oper- 
ation of the liquid supply part 1 1 Is controlled by the con- 
trol apparatus CONT, and the control apparatus CONT 
can control the amount of liquid to be supplied per unit 
time onto the substrate P by the liquid supply part 1 1 . 
[0042] In the middle of the suppty pipe 1 5, a flowmeter 
12 for measuring the amount of the liquid 1 supplied from 
the liquid supply part 1 1 to the substrate P (i.e., the 
amount of supplied liquid per unit time) is provided. The 
flowmeter 12 continuously monitors the amount of the 
liquid 1 supplied to the substrate P. and outputs a result 
of the measurement to the control apparatus CONT. 
[0043] !n addition, a valve 13 for opening and closing 
the flow path of the supply pipe 1 5 is also provided in the 
middle of the supply pipe 15, between the flowmeter 12 
and the supply nozzle 14. The opening/closing operation 
of the valve 13 is controlled by the control apparatus 
CONT. 

[0044] The liquid recovery mechanism 20 is provided 
for collecting the liquid 1 supplied to the substrate P by 
the liquid supply mechanism 1 0, and has a recovery noz- 
zle 21 (i.e., a suction port) arranged in the vicinity of the 
re levant surface of the substrate P, and a vacuum system 
25 connected via a recovery pipe 24 to the recovery noz- 
zle 21 . The vacuum system 25 has a vacuum pump, and 
the operation of the vacuum system 25 is controlled by 
the control apparatus CONT. When the vacuum system 
25 is driven, the liquid 1 on the sut>strate P is collected 
together with a gas (i.e., air) around the liquid, via the 
recovery nozzle 21. As the vacuum system 25, instead 
of providing a vacuum pump at the exposure apparatus 
EX, a vacuum system of the factory, in which the expo- 
sure apparatus EX is provided, may l>e used. 
[0045] In the middle of the recovery pipe 24. a gas- 
llquld separator 22 forseparating the liquid 1 and the gas, 
both suctioned through the recovery nozzle 21, Is pro- 
vided. As described above, not only the Fiquid 1 on the 
substrate P, but also the gas around the liquid 1 . is col- 
lected through the recovery nozzle 21. The gas-liquid 
separator 22 separates the liquid 1 and the gas, collected 
through the recovery nozzle 21, from each other. The 
gas'liquld separator 22 may employ a gravitation sepa- 
ration method in which the collected liquid and gas are 
made to flow through a pipe member having a plurality 
of holes so as to make the liquid flow through the holes 
due to a gravitation function, a centrif ugation method for 
separating the collected liquid and gas using centrifugal 
force, or the like. The vacuum system 25 attracts the gas 
separated by the gas-llquld separator 22. 
[0046] A dryer 23 is provided in the middle of the re- 
covery pipe 24, between the vacuum system 25 and the 
gas-liquid separator 22. Even if a liquid component is 
included in the gas separated by the gas-liquid separator 
22, the gas is dried using the dryer 23, and the dried gas 
is drawn into the vacuum system 25, thereby preventing 
problems such as a failure of the vacuum system 25 due 



to inclusion of the liquid component The dryer 23 may 
employ a method for removing the liquid component by 

(i) cooling the gas (which includes the liquid compo- 
5 nent) supplied from the gas-liquid separator 22 to 

have a temperature equal to or lower than the dew 
point of the liquid or 

(ii) heating the gas to have a temperature equal to 
orhigherthantheboilingpointofthe liquid, orthelike. 

10 

[0047] The liquid 1 separated by the gas-liquid sepa- 
rator 22 is stored in a liquid recovery part 28 via a second 
recovery pipe 26. The liquid recovery part 28 has a tank 
for storing the collected liquid 1. The liquid 1 stored in 

15 the liquid recovery part 28 may be disposed of, or cleaned 
and retumed to the liquid supply part 1 1 or the like, so 
as to be used again. In addition, a flowmeter 27 for meas- 
uring the amount of the collected liquid 1 (i.e., the amount 
of the collected liquid per unit time) is provided in the 

20 middle of the second recovery pipe 26, between the gas- 
liquid separator 22 and the liquid recovery part 28. The 
flowmeter 27 continuously monitors the amount of the 
liquid 1 collected from the substrate P, and outputs a 
result of the measurement to the control apparatus 

25 CONT. As described above, not only the liquid 1 on the 
substrate P. but also a gas around the liquid 1 is collected 
through the recovery nozzle 21. However, the liquid 1 
and the gas are separated from each other by using the 
gas-liquid separator 22, and only the liquid part is sent 

30 to the flowmeter 27, thereby accurately measuring the 
amount of the Ik^uid 1 collected from the substrate P by 
the flowmeter 27. 

[0048] The exposure apparatus EX also has a focus 
measurement system 56 for measuring the position on 

35 the surface of the substrate P supported by the substrate 
stage PST. The focus measurement system 66 has a 
light-emitting part 56A for emitting a measurement light 
beam to the substrate P through the liquid 1 along an 
inclined path, and a light-receiving part 56B for receiving 

40 light reflected by the substrate P from the measurement 
light beam. The focus measurement system 56 outputs 
a result of the measurement (via the light-receiving part 
56B) to the control apparatus CONT. Based on this result 
of the measurement, the control apparatus CONT can 

45 obtain position data along the Z axis on the surface of 
the substrate P. In addition, when a plurality of measure- 
ment light beams are emitted from the light-emitting part 
56A, data of inclination of the substrate P in the OX and 
eY directions can be obtained. 

50 [0049] As shown in the partially-sectional view of Rg. 
1 , the liquid supply mechanism 1 0 and the liquid recovery 
mechanism 20 are separately supported with respect to 
the lens ban^l surface plate 8. Therefore, vibration which 
occurs in the liquid supply mechanism 10 or the liquid 

55 recovery mechanism 20 is not transmitted via the lens 
barrel surface plate 8 to the projection optical system PL 
[0050] Fig. 4 is a plan view of the substrate stage PST 
(or substrate holder PH). Fig. 5 Is a sectional view along 
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line A-A of Fig. 4, that is, a side sectional view of the 
substrate stage PST. On the upper surface of the sub- 
strate holder PH, a reference flat plate 81 , an Irradiation 
monitor 82, an unevenness sensor 83, an AIS light-emit- 
ting part 84, an AIS pattern plate 85, and a fiducial mark 
(FM) 86. As described above, the bracket 71 and the 
cover 72 are provided at a part of the periphery of the 
substrate holder PH. The bracket 71 is provided for de- 
tachably attaching the wavefront aberration measure- 
ment apparatus 70 for measuring the optical character- 
istics of the projection optical system PL, and is always 
provided at a side of the substrate holder PH. The cover 
72 corresponds to the light-transmissive material of the 
present invention, and is provided for (i) protecting the 
wavefront aberration measurement apparatus 70 from 
the liquid 1 leaked from the substrate holder PH when 
performing optical measurement by attaching the wave- 
front aberration measurement apparatus 70 to the brack- 
et 71 , and (ii) transmitting measurement light of the wave- 
front aberration measurement apparatus 70. 
[0051] During the exposure operation, the wavefront 
aberration measurement apparatus 70 is detached from 
the bracket 71 . and is attached to the bracket 71 when 
measuring the wavefront aberration of the projection op- 
tical system PL so as to perfomri optrcal adjustment In a 
maintenance process of the exposure apparatus EX. 
[0052] This cover 72 is positioned on the optical path 
of the measurement light of the wavefront aberration 
measurement apparatus 70. The material of the cover 
72 is not limited but must be iight-transmissive, and may 
be glass, silica glass, transparent resin, or the like. In 
addition, an upper surface 72T of the cover 72 is liquid- 
repellent. Preferably, in order to obtain the liquid-repel- 
lency on the upper surface 72T, a known liquid-repellent 
treatment (i.e., a surface treatment) is perfomned. How- 
ever, such a liquid-repellent treatment is unnecessary 
when the material Itself of the cover 72 has sufficient 
itquid-repellency. 

[0053] In addition, in the Z direction (i.e., along the op- 
tical axis of the measurement light of the wavefront ab- 
erration measurement apparatus 70), the cover 72 is ar- 
ranged in a manner such that the position of the upper 
surface 72T of the cover 72 and the upper surface HT of 
the substrate holder PH are substantially the same. Also 
in the Z direction, the substrate P Is attracted and held 
in the recessed portion HB formed in the substrate holder 
PH, so that the position of the upper surface HT of the 
substrate holder PH substantially coincides with the po- 
sition of the upper surface PTof the substrate P. 
[0054] In peripheral edges of the substrate holder PH 
end the cover 72, a groove portion 73 (i.e., a recessed 
or protruding part) Is fonned, which surrounds the refer- 
ence flat plate 81 , the in^diation monitor 82, the uneven- 
ness sensor 83, the AIS light-emitting part 84, the AIS 
pattern plate 86. and the fiducial mark (FM) 86. As de- 
scribed later, this groove portion 73 prevents the liquid 1 
from leaking outside the substrate holder PH and also 
prevents the wavefront aberration measurement appa- 



ratus 70 from being exposed to the liquid 1 . 
[0055] The cover 72 and the substrate holder PH are 
f astenedto each other by using a fastening member such 
as a screw. The substrate holder PH can have no dlstor- 

5 tion depending on the fastening stress of the fastening 
member. In order to position the upper surface 72T of 
the cover 72 and the upper surface HT of the substrate 
holder PH with high accuracy, a positioning pin adjacent 
to the fastening member is preferably provided. In addi- 

10 tion, the clearance at the Joint portion between the sut>- 
strate holder PH and the cover 72 is preferably a few ^m 
or less. Specifically, a clearance by which the liquid 1 
does not enter the joint portion due to liquid-repellency 
of the upper surface 72T of the cover 72 is required. 

15 [0056] The clearance (or gap) between the substrate 
holder PH and the cover 72 may be approximately 0.1 
to 1 mm, or may be 0.3 mm or less. Under such a con- 
dition, entrance of the liquid 1 into the above gap can be 
almost completely avoided due to surface tension of the 

2o liquid 1 . However, the present invention is not limited to 
such a case, and the cover 72 may closely contact the 
substrate holder PH. In addition, the cover 72 may have 
a structure by which the cover 72 can be replaceably 
attached to the substrate holder PH, so that the cover 72 

25 can be replaced when the cover 72 is contaminated with 
the liquid. 

[0057] The bracket 71 has sufficient strength for hold- 
ing the wavefront abenration measurement apparatus 70 
when this apparatus is used. Similarfy to the cover 72, 
30 the bracket 71 is fastened to the substrate holder PH in 
a manner by whteh the substrate holder PH has no dis- 
tortion. 

[0058] In the present embodiment, the groove portion 
73 is fonned as a holding part for holding the liquid 1 at 

35 the peripheral edges of the cover 72 and the substrate 
holder PH; however, such a recessed part is not always 
required, and a protruding part may be formed instead. 
[0059] In addition, the cover 72 may be provided as a 
part of optical elements for implementing the wavefront 

^ abenration measurement apparatus 70, for example, may 
have a function as a lens. When providing such a lens 
function to the cover 72, a convex or concave lens is 
preferably provided to the back face (which faces the 
wavefront aberration measurement apparatus 70) of the 

"15 cover 72. 

[0060] Next, the method of measuring the aberration 
of the projection optical system PL will be explained with 
reference to Figs. 1 , 3, and 6. 

[0061] When starting the aberration measurement, the 
50 wavefront aberration measurement apparatus 70 is at- 
tached to the bracket 71 . Each result of the measurement 
by the wavefront aberration measurement apparatus 70 
is output to the control apparatus CONT. In accordance 
with the resu It of the measurement, the control apparatus 
55 CO NT CO ntrols the imaging characteristic con-ection con- 
troller PA. 

[0062] After the wavefront aberration measurement 
apparatus 70 is attached as described above, the liquid 
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supply mechanism 10 supplies the liquid 1, so that the 
gap between the cover 72 and the liquid contact surface 
2a of the optical element 2 is filled with the liquid 1. The 
liquid recovery mechanism 20 then collects the liquid 1 
on the cover 72, Such supply and recovery of the liquid 
1 is continuously and automatically perfomied. In the 
above state, the wavefront aberration measurement ap- 
paratus 70 measures the wavefront aben'ation of the pro- 
jection optical system PL, where the measurement light 
from the wavefront aben^tlon measurement apparatus 
70 passes through the liquid 1 via the cover 72, which Is 
a transparent member, thereby measuring the wavefront 
aberration when the liquid immersion exposure is per- 
formed. The wavefront aberration measurement appa- 
ratus 70 outputs a result of the measurement to the con- 
trol apparatus CONT, and the control apparatus CO NT 
appropriately controls the Imaging characteristic correc- 
tion controller PA so as to move and control each lens 
element of the projection optical system PL, thereby au- 
tomatically pert omning the adjustment of the optical char- 
acteristics, 

[0063] In the present embodiment, supply and recov- 
ery of the liquid 1 is continuously perfonmed while the 
measurement of the wavefront aberration is perfomned 
using the wavefront aben-ation measurement apparatus 
70. However, this is not a limitative condition. For exam- 
ple, supply and recovery of the liquid 1 may be stopped 
dunng the measurement, or may be intemnittently per- 
formed. Such a supply and recovery operation may be 
appropriately selected in accordance with the structure 
of the measurement device, or the like. 
[0064] As explained above, in the present wavefront 
aberration measurement, the cover 72 is provided above 
the wavefront aberration measurement apparatus 70; 
thus, it is possible to prevent the liquid 1 from leaking into 
or entering the wavefront aberration measurement ap- 
paratus 70. Therefore, preferable adjustment of the op- 
tical characterlstk^s can be performed. In addition, the 
liquid 1 is provided onto the cover 72; however, the upper 
surface 72Tof the cover 72 is liquid-repellent. Therefore, 
it is possible to prevent the liquid 1 from remaining on 
the cover 72. In addition, the groove portion 73 is provid- 
ed. Therefore, even when the liquid 1 reaches the pe- 
ripheral edge of the cover 72, the relevant liquid 1 is dis- 
charged through the groove portion 73; thus, it is possible 
to prevent the liquid 1 from leaking outside the peripheral 
edge of the cover 72. In addition, the positions of the 
upper surface PT of the substrate P, the upper surface 
HT of the substrate holder PH, and the upper surface 
72T of the cover 72 are substantially the same along the 
Z axis; thus, the distance between the liquid contact sur- 
face 2a and the upper surface PT and the distance be- 
tween the liquid contact surface 2a and the upper surface 
72T are substantially the same. Therefore, the wavefront 
aberration measurement can be perfomned using the 
same amount of the liquid 1 as that used in the liquid 
immersion exposure, thereby further accurately perform- 
ing the measurement. Additionally, not only the upper 



surface 72T of the cover 72, but also the upper surface 
HT of the substrate holder PH may have llquld-repellen- 
cy. 

[0065] A measurement process using the wavefront 
5 aben-ation measurement apparatus 70 is disclosed, for 
example, in the above-mentioned Japanese Published 
Unexamined Patent Application No. 2002-202221 . and 
the disclosed content may be applied to the present in- 
vention. 

10 [0066] Also In the present embodiment, ArF exclmer 
laser light Is used as the exposure light, and thus pure 
water is used as the liquid 1 . Pure water can be easily 
obtained in large quantities at semiconductor fabrication 
plants or the like, and has an advantage in that it does 

^5 not adversely affect the photoresist on the substrate P, 
the optical elements (lenses), orthe like. In addition, pure 
water does not adversely affect the environment and has 
an extremely low impurity content, and can therefore be 
expected to also serve the function of cleaning the front 

20 surface of the substrate P, as well as the surface of the 
optical element provided at the head of the projection 
optical system PL. 

[0067] Further, because the refractive index n of (pure) 
water for the exposure light EL that has a wavelength of 

25 approximately 193 nm is substantially 1.44, the use of 
ArF excimer laser light (193 nm wavelength) as the light 
source of the exposure light EL would shorten the wave- 
length on the substrate P to 1/n, i.e., to approximately 
134 nm, thereby obtaining a high resolution. Further- 

30 more, because the depth of focus will increase approxi- 
mately n times, i.e., approximately 1.44 times, that of in 
air, the numerical aperture of the projection optical sys- 
tem PL can be further increased if it is preferable to en- 
sure a depth of focus approximately the same as that 

35 when used in air, and the resolution is also improved from 
this standpoint. 

[0068] In addition, although the embodiment dis- 
cussed above explained a case wherein water Is used 
as the liquid 1, it may be a liquid other than water; for 

40 example, if the light source of the exposure light EL is an 
)=2 laser, then the Fg laser light is not transmitted through 
water, so it would be acceptable to use as the liquid 1 a 
fluorine-based fluid, such as fluorine-based oil or per- 
fluoropolyether (PFPE), which is capable of transmitting 

45 F2 laser light In addition, It Is also possible to use as the 
liquid 1 one (e.g., cedar oil) that is transparent to the 
exposure light EL, has the highest possible refractive in- 
dex, and is stable with respect to the projection optteal 
system PL and the photoresist provided on the surface 

50 of the substrate P. 

[0069] In the present embodiment, the bracket 71 
holds the wavefront aberration measurement apparatus 
70 in a detachable manner. However, the present inven- 
tion is not limited to such a structure. For example, as 

55 the measurement device, another optical measurement 
device such as an illuminance meter may be used, and 
the cover 72 may be implemented by a member whk:h 
Is light-transmissh^e forthe light used In the measurement 
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(or detection) of the measurement device. In addition, in 
the wavefront aberration measurement apparatus 70, a 
light-receiving part (I.e., light-detecting part) of the meas- 
urement light is Included in a detachable portion. How- 
ever, the present invention is not limited to such a struc- 
ture. For example, the light-receiving part may always be 
provided at the exposure apparatus (i.e., the stage side), 
and a light source of the measurement light may be pro- 
vided at the detachable portion. In addition, the cover 72 
may have not only the light-transmfesive characteristic 
for the measurement light, but also a function of partially 
reflecting the measurement light so as to change the op- 
tical path of the measurement light. 
[0070] In the present embodiment, the bracket 71 has 
a structure for holding a measurement apparatus (i.e., 
the wavefront aberration measurement apparatus 70). 
The holding operation may be manually or automatically 
performed. In the at>ove explanation, measurement Is 
performed while the gap between the optical element 2 
of the projection optical system PL and the cover 72 is 
filled with the liquid 1. However, the present invention is 
not limited to this condition. For example, the present 
invention can be applied to a case in which another mem- 
ber is arranged in place of the optical element 2 and the 
wavefront aberration measurement apparatus 70 is used 
while a gap between this member and the cover 72 is 
filled with the liquid 1 , or a case in which the wavefront 
aberration measurement apparatus 70 is used while only 
the liquid 1 is arranged on the cover 72. Such a variation 
may be used when, for example, the state of the liquid 1 
is observed.. 

[0071] In addition, the braclcet 71 is attached to the 
substrate holder PH; however, the position of the bracket 
71 is not limited to this state. For example, the bracket 
71 may be attached to the substrate stage PST. In addi- 
tion, the bracket 71 may be attached to a fixed portion in 
the exposure apparatus EX if this attachment does not 
obstruct the movement of the substrate stage PST. In 
this case, when the wavefront aberration measurement 
apparatus 70 is used, the substrate stage PST may be 
moved to a predetemiined position. Also in this case, 
after attaching the wavefront aberration measurement 
apparatus 70 to the bracket 71 , the substrate stage PST 
(or the substrate holder PH) may be positioned so as to 
position the cover 72 on the optical axis or the optical 
path of the measurement lightof the wavefront aberration 
measurement apparatus 70. 

[0072] In addition, the bracket 71 may be attached to 
a movement mechanism, and when the measurement 
using the wavefront aberration measurement apparatus 
70 is perfomned, this movement mechanism may be driv- 
en so that the wavefront aberration measurement appa- 
ratus 70 attached to the bracket 71 is positioned below 
the cover 72. Such a movement mechanism may be im- 
plemented using a rotation motor and an ami connected 
to the rotation motor, and the bracket 71 may be provided 
at the head of the arm so as to move the wavefront ab- 
eratlon measurement apparatus 70 to the predeter- 



mined position. 

[0073] In another example, the wavefront aberration 
measurement apparatus 70 is always attached to the 
bracket 71 or a fixed portion, and when the measurement 

5 is perfonned, at feast one of the cover 72 and the wave- 
front aberration measurement apparatus 70 is moved as 
described above so that the wavefront aberration meas- 
urement apparatus 70 is positioned below the cover 72 
(I.e.. the light-transmissive member), that is, the cover 

10 72 is positioned on the optical axis or the optteal path of 
the measurement light of the wavefront aben-ation meas- 
urement apparatus 70. 

[0074] The present invention can also be applied to 
another measurement device which is detachabfy at- 

15 tached to a (substrate) stage, such as an illuminance 
meter disclosed in Japanese Published Unexamined 
Patent Application No. 2001-338868 and the core- 
sponding U.S. Patent No. 6.690,455. or a deflection 
measurement device disclosed in Japanese Published 

20 Unexamined Patent Application corresponding to Japa- 
nese Patent Applfcatlon No, 2003-168037. As far as is 
pemriitted by the relevant national law or regulations, the 
disclosures of the abovementioned publications and the 
U.S. Patent are each hereby incorporated by reference. 

25 [0075] In addition, the above-described embodiment 
employs the exposure apparatus in which the gap be- 
tween the projection optical system PL and the substrate 
Pis filled with a liquid, that is, the liquid is locally provided. 
However, the present invention can also be applied to a 

30 liquid Immersion exposure apparatus In which a stage 
which holds a substrate to be exposed is moved in a 
liquid vessel, or a liquid immersion exposure apparatus 
in which a liquid vessel having a specific depth is formed 
on a stage and a substrate is held in the liquid vessel. 

35 The structure and the operation of the liquid immersion 
exposure apparatus in which a stage which holds asut^ 
stnate to be exposed is moved in a liquid vessel is dis- 
closed, for example, in Japanese Published Unexamined 
Patent Application No. H6-1 24873, and the liquid immer- 

40 sion exposure apparatus in which a liquid vessel having 
a specific depth is formed on a stage and a substrate Is 
held in the liquid vessel is disclosed, for example, in Jap- 
anese Published Unexamined Patent Application No. 
H1 0-3031 14 or U.S. Patent No. 5, 825,043. As far as Is 

45 pemnitted by the relevant national law or regulations, the 
disclosures of the abovementioned publications or the 
U.S. Patent are each hereby incorporated by reference. 
[0076] The present Invention can also be applied to an 
exposure apparatus having a movable exposure stage 

50 (i.e., the first stage) for holding a substrate to be proc- 
essed (e.g., a wafer) and a measurement stage (I.e., the 
second stage) on which various measurement members 
or sensors are provided, as disclosed in Japanese Put>- 
lished Unexamined Patent Application No. H1 1-1 35400. 

55 In this case, the cover 72 or the bracket 71 for attaching 
the wavefront aberration measurement apparatus 70 
may be provided at the measurement stage. As far as is 
permitted by the relevant national law or regulations, the 
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disclosure of the abovementioned publication is hereby 
incorporated by reference. 

[0077] In addition, the exposure apparatus to which 
the above-described liquid imnnersion method Is applied 
has a structure In which a space on the optical path on 
the emission side of a terminal optical member of the 
projection optical system PL is filled with a liquid (or pure 
water) so as to expose a wafer W (or substrate P). How- 
ever, as disclosed in the booklet of PCT International 
Publication No. W02004/019128. a space on the optical 
path on the incidence side of the terminal optical member 
of the projection optical system PL may also be filled with 
a liquid (or pure water). As far as is permitted by the 
relevant national law or regulations, the disclosure of the 
abovementioned booklet is hereby incorporated by ref- 
erence. 

[0078] Furthemnore, the numerical aperture NA of the 
projection optical system may become 0.9 to 1.3 if the 
liquid immersion method as discussed above is used, if 
the numerical aperture NA of such a projection optical 
system increases, then random polarized light conven- 
tionally used as the exposure light may degrade imaging 
performance due to the polarization effect, and it is there- 
fore preferable to use polarized illumination. In that case, 
it is betterto illuminate with linearly polarized light aligned 
along the length of the line pattern of the line-and-space 
pattern of the mask (the reticle), and to emit a large 
amount of diffracted light of the S polarized light compo- 
nent (theTE polarized light component), i.e., a directional 
component of the polarized light, which is aligned along 
the length of the line pattern, from the pattem of the mask 
(the reticle). If the gap between the projection optical sys- 
tem PL and the resist deposited on the surface of the 
substrate P is filled with a liquid, then the transmittance 
through the resistsurf ace increases for the diffracted light 
of the S polarized light component (the TE polarized light 
component), which contributes to the Improvement of the 
contrast, compared with the case in which the gap be- 
tween the projection optical system PL and the resist 
deposited on the surface of the substrate P is filled with 
air (i.e., a gas). Therefore, a high imaging performance 
can consequently be obtained even if the numerical ap- 
erture NA of the projection optical system exceeds 1.0. 
In addition, it Is more effective to appropriately combine 
a phase shift mask, an oblique Incidence illumination 
method (particularly, a dipole illumination method) mak- 
ing incidence direction along the length of the line pattem 
as disclosed in Japanese Published Unexamined Patent 
Appfication No. 1-106-188169, and the like. As far as is 
pennitted by the relevant national law or regulations, the 
disclosure of the abovementioned publication Is hereby 
Incorporated by reference. 

[0079] In addition, if the substrate P is exposed with a 
fine line-and-space pattern (e.g., a tine-and-space of ap- 
proximately 25 to 50 nm) using, for example, an ArF ex- 
cimer laser as the exposure light, as well as using the 
projection optical system PL that has a reduction mag- 
nification of approximately 1/4, then the structure of a 



mask M (e.g., the fineness of the pattern or the thickness 
of the chrome) may cause the mask M to act as a polar- 
izing plate due to a waveguide effect, and a larger amount 
of diffracted light of the S polarized light component (the 

5 TE polarized light component) in comparison wrth the 
diffracted light of the P polarized light component (the 
TM polarized light component), which decreases con- 
trast, may be emitted from the mask. In this case as well. 
It is preferable to use the linear polarized light itiumination 

10 as discussed above; however, even If the mask M is il- 
luminated with random polarized light, a high resolution 
performance can be obtained by using a projection opti- 
cal system with a large numerical aperture NA of 0.9 to 
1.3. 

15 [0080] In addition, if exposing a substrate P with an 
ultrafine line-and-space pattern of a mask M, then there 
is also a possibility that the P polarized light component 
(the TM polarized light component) will become greater 
than the S polarized light component (the TE polarized 
20 light component) due to a wire grid effect; however, if 
conditions are such that the substrate P is exposed with 
a line-and-space pattern larger than 25 nm by using ArF 
excimer laser as the exposure light, as well as using a 
projection optical system that has a reduction magnifica- 
ts tion of approximately 1/4, then a greater quantity of dif- 
fracted light of the S polarized light component (the TE 
polarized light component) than the diffracted light of the 
P polarized light component (the TM polarized light com- 
ponent) is emitted from the mask, and therefore a high 
30 imaging perfonnance can be obtained even in the case 
of a projection optk^al system with a large numerk^al ap- 
erture NA of 0.9 to 1.3. 

[0081] Furthermore, instead of the linear polarized 
light illumination (S polarized light illumination) aligned 

3S along the length of the line pattern of the mask (the ret- 
icle), it is also effective to combine the oblique incidence 
illumination method with a polarized light illumination 
method that lineariy polarizes light in a direction tangen- 
tial (or circumferential) to a circle whose center is on the 

40 optical axis, in particular, if the mask (retrcie) pattem in- 
cludes line patterns extending in a plurality of different 
directions, instead of a line pattern extending in a pre- 
scribed single direction, then by combining a zonal illu- 
mination method with the polarized light illumination 

45 method that lineariy polarizes light in a direction tangen- 
tial to a circle whose center is on the optical axis, it is 
possible to achieve high imaging performance even if the 
numerical aperture NA of the projection optical system 
is large. 

so [0082] In addition, the substrate P is not limited to a 
semiconductor wafer for fabricating semtoonductor de- 
vices, and is also applicable to a glass substrate for a 
display device, a ceramic wafer for a thin film magnetic 
head, an original plate (such as a synthetic silica glass 

55 piat^ or a siHcon wafer) of a mask or a reticle used in the 
exposure apparatus, and the like. 
[0083] In addition to a step-and-scan system scanning 
type exposure apparatus (scanning stepper) for perform- 
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ing scanning and exposure using the pattern of the nnask 
M by synchronously moving the mask M and the sub- 
strate P, the exposure apparatus EX can also be adapted 
to a step-and-repeat system projection exposure appa- 
ratus (stepper) for performing exposure of the full pattern 
of the mask M with the mask M and the substrate P in a 
stationary state and sequentially moves the substrate P 
step by step. In addition, the present invention can also 
be adapted to a step-and-stitch system exposure appa- 
ratus that partially superlmposedty transfers at least two 
patterns onto the substrate P. 

[0084] In addition, the present invention can also be 
adapted to a twin-stage type exposure apparatus dis- 
closed in Japanese Published Unexamined Patent Ap- 
plication No. H1 0-1 63099 and the con-esponding U.S. 
Patent No. 6,341,007, Japanese Published Unexamined 
Patent Application No. H1 0-21 4783 and the conrespond- 
Ing U.S. Patent No. 8,341,007, Published Japanese 
Translation No. 2000-505958 of the PCT International 
Publication and the corresponding U.S. Patent No. 
5,969 ,441, and the like. Furthennore, as far as is per- 
mitted by the relevant national law or regulations, the 
disclosures of the abovementioned publications are each 
hereby Incorporated by reference. 
[0085] The type of the exposure apparatus EX is not 
limited to semiconductor device fabrication exposure ap- 
paratuses that expose a substrate P with the pattern of 
a semiconductor devtee, but can also be widely adapted 
to exposure apparatuses for fabricating liquid crystal de- 
vices or displays, exposure apparatuses for fabricating 
thin-film magnetic heads, imaging devtoes (CCDs), or 
reticles and masks, or the like. 

[0066] In addition, if a linear motor (refer to U.S. Patent 
No. 5,623,853 or U.S. Patent No. 5,528,118) is used in 
the substrate stage PST or the mask stage MST, then 
either an air levitation type that uses an atr bearing, or a 
magnetic levitatlon type that uses Lorentz's force or re- 
actance force, may be preferably used as a method for 
levitating such a stage from the surface plate. In addition, 
each stage PST or MST may be a type that moves along 
a guide, or may be a guide less type. As far as is pennitted 
by the relevant national law or regulations, the disclosure 
of the abovementioned U.S. Patent is hereby incorporat- 
ed by reference. 

[0087] The driving mechanism for each stage PST or 
MST may by implemented using a plane motor which 
has a magnetic unit in whfch magnets are two-dimen- 
sionally arranged and an armature unit in which colls are 
two-dimensionally arranged, wherein both units face 
each other, so as to drive each stage PST or MST by 
using electromagnetic force. In this case, any one of the 
magnetic unit and the armature unit may be connected 
to the stage PST or MST, and the other one may be 
provided on a plane on whfch the stage PST or MST 
moves. 

[GOBS] The reaction force generated by the movement 
of the substrate stage PST may be mechanically dis- 
charged to the floor (ground) using a frame member as 



disclosed in Japanese Pubfished Unexamined Patent 
Application No. H08-1 66475 and the corresponding U.S. 
Patent No. 5,528,1 1 8, so that the movement Is not trans- 
mitted to the projection optical system PL. As far as is 
5 pennitted by the relevant national law or regulations, the 
disclosure of the abovementioned U.S. patent Is hereby 
incorporated by reference. 

[0089] The reaction force generated by the movement 
of the mask stage MST may be mechanically discharged 

10 to the floor (ground) using a frame member as disclosed 
In Japanese Published Unexamined Patent Applfcation 
No. H08-330224 and the corresponding U.S. Patent No. 
5,874,820, so that the movement is not transmitted to 
the projection optical system PL. As far as is permitted 

15 by the relevant national law or regulations, the disclosure 
of the abovementioned U.S. patent is hereby incorporat- 
ed by reference. 

[0090] The exposure apparatus EX in the present em- 
bodiment is manufactured by assembling various sub- 

20 systems, including each constituent element recited in 
the claims of the present application, so that a prescribed 
mechanical accuracy, electrical accuracy, and optical ac- 
curacy are maintained. To ensure these various accura- 
cies, adjustments are performed before and after this as- 

25 sembly, including an adjustment to achieve optical accu- 
racy for the various optical systems, an adjustment to 
achieve mechanical accuracy for the various mechanical 
systems, and an adjustment to achieve electrical accu- 
racy for the various electrical systems. 

30 [0091 ] The process of assembling the exposure appa- 
ratus from the various subsystems Includes the mutual 
mechanical connection of the various subsystems, the 
wiring and connection of electrical circuits, the piping and 
connection of the atmospheric pressure circuit, and the 

35 like. Naturally, before the process of assembling the ex- 
posure apparatus from the various subsystems, there is 
also the process of assembling each individual subsys- 
tem. When the process of assembling the exposure ap- 
paratus from the various subsystenns is finished, a com- 

40 prehensive adjustment is perfomried to ensure the vari- 
ous accuracies of the exposure apparatus as a whole. 
Furthennore, it is preferable to manufacture the exposure 
apparatus in a clean room wherein the temperature, the 
cleanliness level, and the like, are controlled. 

45 [0092] In addition, as shown in Fig. 7, a micro-device, 
such as a semiconductor device, is manufactured by a 
step 201 that designs the functions and perfomnance of 
the micro-device; a step 202 that fabricates a reticle (or 
a mask) based on this design step; a step 203 that fab- 

so ricates a substrate, which Is the base material of the de- 
vice; an exposure processing step 204 wherein the ex- 
posure apparatus EX of the embodiments discussed 
above exposes the substrate with a pattern of the reticle; 
a device assembling step 205 (including a dicing process, 

55 a bonding process, and a packaging process); an in- 
specting step 206; and the like. 
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Cfalms 

1. An exposure apparatus In which a gap between a 
projection optical system and a substrate which is 
held by a stage apparatus is filled with a liquid, and 
a pattern image is projected via the projection optical 
system and the liquid onto the substrate, so as to 
expose the substrate, wherein the stage apparatus 
has: 

a setting portion for setting a measurement de- 
vice which is detachabty attachable to the stage 
apparatus; and 

a light-transmissive member which is an*anged 
on an optical path of measurement light of the 
measurement device when the measurement 
device is set at the setting portion. 

2. The exposure apparatus in accordance with claim 
1 , wherein the setting portion and the light-transmis- 
sive member are provided at a peripheral edge of 
the stage apparatus. 

3. The exposure apparatus in accordance with claim 
1 , wherein the light-transmissive member has a re- 
cessed or protruding part fonned on an upper sur- 
face thereof, so as to hold the liquid. 

4. The exposure apparatus in accordance with claim 
1 , wherein an upper surface of the light-transmissive 
member is fiqu id-repel lent. 

5. The exposure apparatus in accordance with claim 
1 , wherein positions of an upper surface of the stage 
apparatus and an upper surface of the light-trans- 
missive member are substantially the same along 
an optical axis of the projection optical system. 

6. The exposure apparatus in accordance with claim 
5, wherein the position of the upper surface of the 
light-transnnissive member substantially coincides 
with a position of an upper surface of the substrate 
held by the stage apparatus, along the optical axis 
of the projection optical system. 

7. The exposure apparatus in accordance with claim 
1 , wherein the Rght-transmissive member is one of 
optical elements as constituents of the measurement 
device. 

8. The exposure apparatus in accordance with claim 
7, wherein the light-transmlsslve member has a lens. 

9. The exposure apparatus in accordance with claim 
1 , wherein the measurement device perfomns meas- 
urement while the upper surface of the light-trans- 
missive member is covered with the liquid. 



10. An exposure apparatus for forming apredetennined 
pattern on a substrate by using exposure light, com- 
prising: 

5 a stage apparatus which is movable with respect 

to an optical axis of the exposure light; 
a light-transmissive member provided at the 
stage apparatus, wherein a liquid is supplied on 
an upper surface of the light-transmissive mem- 

10 ben and 

a measurement device which is settable below 
the light-transmissive member when measure- 
ment using the measurement device is per- 
fonned. 

15 

11. The exposure apparatus in accordance with claim 
1 0, wherein the measurement device Is detachably 
attachable to the stage apparatus. 

20 12. The exposure apparatus in accordance with claim 
1 0, further comprising a measurement mechanism 
for moving the measurement device to a position be- 
low the light-transmissive member. 

25 13. The exposure apparatus in accordance with claim 
1 0, wherein the substrate is held by the stage appa- 
ratus. 

14. The exposure apparatus in accordance with any one 
30 of claim 1 0 and daim 1 3, further comprising: 

a projection optical system, wherein exposure 
Is perfonned while a gap between the projection 
optical system and the substrate is filled with the 
35 liquid. 

15. The exposure apparatus In accordance with claim 
10. wherein the Ilght-transmissive member Is posi- 
tioned on an optical path of measurement light of the 

40 measurement device. 

16. The exposure apparatus in accordance with claim 
10, wherein the light-transmissive member is one of 
optical elements as constituents of the measu rement 

45 device. 

17. The exposure apparatus in accordance with claim 
16, wherein the light-transmissive member has a 
lens. 

50 

18. The exposure apparatus In accordance with claim 
10, wherein the light-transmissive member Is de- 
tachably attachable to the stage apparatus. 

55 19. The exposure apparatus in accordance with claim 
10. wherein the measurement device performs 
measurement while the liquid is present on the upper 
surface of the light-transmlsslve member. 
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20. The exposure apparatus in accordance with claim 
1 0, wherein the light-transnr>lssive mennber is provid- 
ed at a peripheral edge of the stage apparatus. 

21- The exposure apparatus in accordance with c\a\m 5 
10, wherein a holding part for holding the liquid is 
provided on an upper surface of the light-transmis- 
sive member. 

22. The exposure apparatus In accordance with claim io 
1 0, wherein a recessed or protruding part for holding 

the liquid is provided on an upper surface of the light- 
transmissive member. 

23. The exposure apparatus in accordance with claim ^5 
10, wherein an upper surface of the llght-transmis- 
sive member is liquid-repellent 

24. The exposure apparatus in accordance with claim 

1 0, wherein an upper surface of the light-transmis- ^ 
sive member and an upper surface of the substrate 
disposed on the stage apparatus are substantially 

the same height. 

25. The exposure apparatus in accordance with claim 25 
1 9, wherein the upper surface of the light-transmis- 
sive member and an upper surface of the stage apr 
paratus have substantially the same height. 

26. The exposure apparatus in accordance with claim 30 
1 0, wherein the stage apparatus has a first stage for 
holding the substrate and a second stage provided 
independently of the first stage, and the iight-trans- 
mtssive member is provided at the second stage. 

35 

27. A device fabrication method for fabricating a device 
using an exposure apparatus in accordance with any 
one of claim 1 and claim 1 0. 

40 



45 



50 
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FIG. 5 
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